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Abstract — A new experimental setup based on a two-stage 
cryocooler has been developed at INRIM for operation with 
Josephson arrays. Recently some parts of the setup have been 
upgraded in order to allow the synthesis of waveforms; in 
particular, a well suited rigid rf coaxial cable with bandwidth 
exceeding 30 GHz has been mounted. We describe preliminary 
results obtained in tests of waveform synthesis with pulse-driven 
Josephson arrays fabricated at PTB. Unipolar sinewaves at 
1.25 kHz and amplitudes ranging up to tens of millivolts were 
generated. Results are then discussed in relation with the specific 
thermal issues posed by He-free cooling.    
Index Terms — Voltage standards, Josephson effect, 
Cryocooler. 
I. INTRODUCTION 
Applying short pulses instead of the sinusoidal rf signal used 
in traditional voltage standards allows the generation of 
arbitrary waveforms with quantum accuracy in a wide 
frequency range. 
In the Josephson Arbitrary Waveform Synthesizer (JAWS) 
the pulsed technique is used to synthesize voltage signals with 
very high spectral purity. Recently the synthesis of ac signals at 
1 V level  has been reported by some NMIs by connecting series 
of arrays operating in liquid helium [1],[2]. 
Operation of Josephson standards inside a cryocooler is 
interesting to simplify their use, allowing more laboratories to 
perform ultimate accuracy calibrations. Yet, thermalization 
problems cooling are challenging. 
Pulsed standards are a particularly interesting field of 
application of cryocoolers because of the expected impact in 
metrology of voltage standards approaching radio frequencies. 
The accuracy, when the quantum-standard signal frequency is 
increased, is ultimately limited by the loading effect of cables. 
Compact cryocoolers offer the opportunity to reduce the cable 
length and to overcome frequency-related limitations. 
We developed a cryocooler-based Josephson system that can 
be operated both with programmable and pulse-driven 
standards.  
In particular, to overcome undesirable thermal links, a special 
stainless steel coaxial cable is employed for pulse transmission, 
that, owing to the reduced thermal conduction of the material, 
can be shorter than in liquid helium probes nearly by a factor of 
two. We expect to improve the transmission of the quantum 
voltage signals from the chip to the output by substituting the 
transmission line with a second stainless steel cable.  
Preliminary tests in cooperation with Physikalisch-Technische 
Bundesanstalt (PTB) were performed with INRIM’s cryocooler 
setup to investigate the pulse-driven technique for synthesis of 
waveforms at different amplitudes and how the spectral purity 
is influenced by the heat exchange when the array is 
simultaneously biased and irradiated with a stream of short 
current pulses. Series arrays fabricated at PTB were used to 
generate unipolar sinusoidal waveforms. Our JAWS samples 
consist of two arrays, with 4000 junctions each, fabricated on a 
10 mm × 10 mm silicon chip. 
II. CRYOGENICS AND MEASUREMENT SETUP  
This section summarizes the relevant properties of the 
cooling and measurement apparatuses. Detailed descriptions 
have been already published [3].  
Measurements were performed with a GM closed-cycle 
refrigerator, with an additional disk (coldplate) on top of cold 
finger, containing inside a thermometer and a heater for 
temperature monitoring and control. A second thermometer 
close to the chip was used to better estimate the array 
temperature. Since the chip is in vacuum, specific requirements 
are needed to maintain the proper temperature, minimizing the 
effects of the heat transmitted by measurement wires as well as 
heat generated by dc and ac bias electrical power.  
We designed a new sample holder, made in Oxygen-free 
(OFHC) copper. To guarantee a good thermal contact between 
the chip and the coldplate, a special aluminum (Ergal) spring 
was used. Electrical insulation is kept by interposing a thin 
sapphire substrate between copper and chip, without a 
substantial reduction of thermal conduction.  
III. ARRAY TECHNOLOGY AND CONFIGURATION 
The work presented here uses arrays of Josephson junctions 
realized by PTB with NbxSi1-x as barrier material, in order to 
achieve higher characteristic frequencies and lower current 
densities (20-30 kA/cm2) [4]. Junctions are arranged in double 
stacks and are embedded into the center line of a 50 Ω coplanar-
wave-guide (CPW) which ensures a suitable propagation of 
pulses. 
The JAWS chip was mounted for He operation onto a chip 
carrier 23 mm × 40 mm made of Rogers RO3006. Two 
conducting CPW paths made of copper with a 2 µm gold layer 
on top (without nickel) are used for pulse transmission to the 
arrays.  
 The CPW lines of this carrier are connected to two PCB-
SMA launchers for connection to coaxial cables [4]. 
III. MEASUREMENTS AND RESULTS 
 The array we used has a “distributed” structure, thus requires 
a resistive termination to avoid reflections. To avert any 
common mode voltage on resistor, the “ac coupling” technique 
was used [5][6][7]. The Pulse Pattern Generator, delivering 
unipolar non-return-to-zero pulses, was then connected using a 
dc block that removes the common mode signal at the array 
output. Sigma-delta codes were provided by PTB. 
 
 
Fig. 1. Measurement circuit schematics 
 
The output voltage of the Josephson array was observed and 
measured with a compact wideband digital modular system for 
dynamic measurement with fast frame rate [8], reconfigured for 
this experiment. Two mains-supplied high precision flexible 
resolution ac-coupled digitizers are connected in parallel and 
digitize simultaneously the waveform synthesized by the 
Josephson array (Fig. 1). One of the digitizers is configured for 
spectral measurement and the second one performs rms voltage 
measurements. To avoid ground loops, a low noise differential 
preamplifier was inserted between the JAWS output and the 
inputs of the digitizers. The amplifier gain was set to 1 and its 
distortion is better than 80 dB.  
Fig. 2. Observed FFT spectra of two unipolar sine waves at 1.25 
kHz and at 11.7 and 23.4 mV, respectively 
 
We preliminary observed FFT spectra of unipolar sine waves 
at 1.25 kHz and amplitudes from 4.3 mV to 23.4 mV, i.e. from 
15% to 80% of the sigma-delta code amplitude (two of them are 
shown in Fig. 2). The PPG clock frequency was 10 GHz. The 
compensation was provided by an additional ac synthesizer 
locked to the 10 MHz clock reference (see Fig. 1 for details). 
System tuning for optimal operating margins has been 
performed by observing the frequency spectrum at 
temperatures around 4.8 K, due to a temporary failure of a 
thermal link. The critical current was consequently reduced 
from 4.6 mA down to 2.6 mA, hence the JAWS array was not 
completely on-margins. Due to non-optimized experimental 
setup the frequency spectrum contains a lot of distortion tones. 
We suppose that there was still a ground problem in the setup. 
VI. CONCLUSION  
Preliminary tests of JAWS synthesis with a new cryocooler 
setup demonstrate generation of quantum ac voltages. Work is 
in progress to optimize operating parameters and, in particular, 
to bring the chip temperature to 4.2 K for improved operating 
margins and purity. Further details of the setup and more results 
will be presented at the conference. 
ACKNOWLEDGEMENT 
The authors gratefully acknowledge the contribution of D. 
Serazio for designing and manufacturing mechanical parts of 
the cryogenic apparatus and R. Cerri for the electronics. 
This work was partly carried out with funding by the 
European Union within the EMRP project JRP SIB59 Q-
WAVE. The EMRP is jointly funded by the EMRP 
participating countries within EURAMET and the European 
Union. 
REFERENCES 
[1]  S. P. Benz, et al., "One-Volt Josephson arbitrary waveform 
synthesizer," IEEE Trans. Instrum. Meas., vol. 25, no. 1, pp. 
1300108, February 2015. 
[2]  O. F. Kieler, R. Behr, R. Wendisch, S. Bauer, L. Palafox, and J. 
Kohlmann, “Towards a 1 V Josephson arbitrary waveform 
synthesizer,” IEEE Trans. Instrum. Meas., vol. 25, no. 3, pp. 
1400305, June 2015. 
[3]  A. Sosso, et al., "Temperature Stability of SNIS Josephson Arrays 
Between 4.2 K and Critical Temperature in Cryocooler," IEEE 
Trans. Appl. Supercond., vol.25, no.3, pp.1-4, June 2015. 
[4]  O. Kieler, T. Scheller, and J. Kohlmann, “Cryocooler Operation 
of a Pulse-Driven AC Josephson Voltage Standard at PTB,” 
World Journal of Condensed Matter Physics, 3, 189-193, 2013. 
[5]  S.P. Benz, C.J. Burroughs, and P.D. Dresselhaus, “AC coupling 
technique for Josephson waveform synthesis,” IEEE Trans. Appl. 
Supercond., vol. 11, no. 1, pp. 612-616, March 2001. 
[6]  S.P. Benz and S.B. Waltman, "Pulse-Bias Electronics and 
Techniques for a Josephson Arbitrary Waveform Synthesizer," 
IEEE Trans. Appl. Supercond., vol.24, no.6, pp.1-7, Dec. 2014.  
[7]  J. Kohlmann, O. Kieler, R. Iuzzolino, J. Lee, R. Behr, B. Egeling, 
F. Muller, “Development and investigation of SNS Josephson 
arrays for the Josephson Arbitrary Waveform Synthesizer,” IEEE 
Trans. Instrum. Meas., vol. 58, no. 4, pp. 797–802, April 2009. 
[8]  B. Trinchera, et al., “Wideband digital modular system for 
dynamic characterization of PJVS,” CPEM 2014 Conf. Digest, p. 
514, August 2014. 
